Cells of the nucleus ambiguus give rise to the visceral efferent fibers that run through the glossopharyngeal, vagal and accessory nerves to innervate the musculature of the larynx and glottis (SZENTAGOTHAI, 1952; GETZ and SIRNES, 1949). The mechanical stimulation of the laryngeal mucous membrane or electrical stimulation of the superior laryngeal (SL) nerve with repetitive pulses induces rhythmic contraction of the respiratory and laryngeal muscles, which, as it resembles coughing, is termed artificial coughing (BUCHER, 1958) . Stimulation with single pulses of the SL nerve, however, is ineffective; a train of pulses with an appropriate frequency and duration is necessary to induce artificial coughing (DOMENJOZ, 1952). Relatively little has been known about the neuronal and synaptic events involved in coughing, either natural or artificial. PORTER (1963) recorded extracellularly within the ambiguus nucleus; vagal motoneurons were activated antidromically from the cervical vagus with a latency of 1-2 msec and also polysynaptically from SL nerve with a latency of 4-6 msec.
4. Effects of repetitive stimulation of superior laryngeal nerve upon sizes of these EPSPs and IPSPs were studied.
Cells of the nucleus ambiguus give rise to the visceral efferent fibers that run through the glossopharyngeal, vagal and accessory nerves to innervate the musculature of the larynx and glottis (SZENTAGOTHAI, 1952; GETZ and SIRNES, 1949) . The mechanical stimulation of the laryngeal mucous membrane or electrical stimulation of the superior laryngeal (SL) nerve with repetitive pulses induces rhythmic contraction of the respiratory and laryngeal muscles, which, as it resembles coughing, is termed artificial coughing (BUCHER, 1958) . Stimulation with single pulses of the SL nerve, however, is ineffective; a train of pulses with an appropriate frequency and duration is necessary to induce artificial coughing (DOMENJOZ, 1952) . Relatively little has been known about the neuronal and synaptic events involved in coughing, either natural or artificial. PORTER (1963) recorded extracellularly within the ambiguus nucleus; vagal motoneurons were activated antidromically from the cervical vagus with a latency of 1-2 msec and also polysynaptically from SL nerve with a latency of 4-6 msec.
In the present investigations, glass microelectrodes were inserted into cat's ambiguus motoneurons, and synaptic potentials were recorded intracellularly following SL nerve stimulation. 
METHODS

RESULTS
Effects of the ipsilateral vagal nerve stimulation
At the depth of 3-5 mm from the ventral surface of the medulla, just corresponding to the anatomically defined territory of the ambiguus nucleus, the e lectrical stimulation of the ipsilateral vagal nerve induced a sharp negative wave of 1-2 mV with a latent period of 1.0 msec (lower trace of Fig. 1A ). Since this wave could follow the high frequency repetitive stimulation of the vagal nerve, it was presumed to represent the antidromic activation of vagal motoneurons (cf. PORTER, 1963) .
When the microelectrode impaled individual neurons, there was a sudden negative shift of the membrane potential up to -60mV, and a positive spike potential appeared just in phase with the field potentials in response to the ipsilateral vagal nerve stimulation (upper trace of Fig. 1A ). This spike potential arose from the base line abruptly without preceding prepotentials and had an inflection on its rising phase. These are features characteristic of antidromic spike potentials of motoneurons (FRANK and FUORTES, 1955; ECCLES, 1964) . Fifty-seven neurons were thus identified as ambiguus motoneurons. Figure 2 shows the frequency distribution of the antidromic latency. The latency ranged from 0.6 to 1.25 msec with the mode at 0.85 msec. Since the distance from the stimulating site (at cathode) to the medullary entry of the vagal nerve was about 60 mm, the conduction velocity along the vagal nerve was estimated as 43 to 100 m/sec.
When the vagal nerve stimulation was increased over the threshold for the vagal nerve action potential, one or two extra spikes were induced in addition to the antidromic spike ( Fig. 1 Cb and c) . When spike discharges failed to occur because of injurious effect of impalement, depolarizing potentials with a relatively slow time course, presumably excitatory postsynaptic potentials (EPSPs) , were underlain in place of these extra spikes (Fig. 1Bb) . With higher stimulus intensity these EPSPs were often followed by hyperpolarizing potentials (Fig . 1Bc) . In Fig. 3 , sizes of the depolarizing (A) and hyperpolarizing (B) potentials and those of antidromic field potentials (C) are plotted as a function of intensity of the vagal nerve stimuli, in multiples of the threshold for the vagal nerve action potential (NT). While the synaptic potential became largest at 2-3 NT, the antidromic field potential attained maximum at more than 5 NT . It appears that the synaptic action is effected by relatively large fibers in the vagal nerve .
Effects of stimulation of SL nerve
Synaptic potentials were also evoked in ambiguus motoneurons by stimulation of the SL nerve, as illustrated in Fig. 4A and B with various stimulus intensities . In Fig. 4Ab , a small depolarizing potential, presumably an EPSP, was induced with a latency of 5 msec and with a peak time of 10 msec. With stronger stimuli (c, d, and e), the EPSP increased in size and was followed by a hyperpolarization which had a peak at about 15 msec after stimulation. Often, spike potentials were superposed on the EPSP (Fig. 4Bb and c) . Two to three spikes discharged repetitively at intervals of 2-3 msec.
The mean latency of the EPSP was 3.9 msec (0.7 msec S.D.), as measured in 30 ambiguus motoneurons with stimulation of the ipsilateral SL nerve. When action potentials were recorded at the entry of the SL nerve to the medulla, their latency of the response was 1.2 msec on the average. The mean central delay for evoking the EPSP was as much as 2.7 msec (= 3.9-1.2 msec). Therefore, it is likely that ambiguus motoneurons are activated polysynaptically by impulses of the SL nerve. The hyperpolarizing potential was an IPSP, for, as illustrated in Fig. 5 , it was reversed into the depolarizing direction during the course of impalement with Cl-containing microelectrode. The moment of their onset was determined at the beginning of an abrupt decline of the preceding EPSP. The mean latency thus determined was 13.2 msec (1.3 msec S.D.). When the hyperpolarization was evoked with relatively strong stimuli (see Fig. 4Ae and f) , two components, early and late, could be distinguished. The peak time of the early and late components was 10 and 15 msec, respectively. At stimulus frequencies of more than 1 Hz, the late component diminished, whereas the early component followed the stimulation even at more than 10 Hz. Figure 6 illustrates synaptic responses to SL nerve stimulation at various repetition rates. At 1 Hz (a) there was an EPSP-IPSP sequence as described above. It is noted that the late component of the IPSP was evoked only in 2 out of 7 superimposed traces. At 20 Hz (b) the late IPSP disappeared completely. At 100 (c) and 200 Hz (d), both EPSPs and early IPSPs were reduced in size. Contralateral stimulation Stimulation of the contralateral vagal or SL nerve also evoked postsynaptic potentials ( Fig. 7Aa and Ba). Compared with the ipsilateral stimulation, these potentials were smaller in size and slower in time course. The average latency for EPSPs was 6.0 msec for vagal and 4.8 msec for SL nerve stimulation. Very 
